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and pulse trawl) and TR (otter trawls and seines) need to be monitored yearly, due to the Dutch implementation of the European cod recovery plan. The European cod recovery plan restricts fishing efforts of European fleets that catch cod. Fishing effort, based on historical track records, is allocated to different gear groups. Fishing effort can be transferred between gear groups but then conversion factors apply. In the Netherlands fishing effort is transferred yearly from the BT2 gear group to the TR group, based on a national conversion factor of 1:3 (BT:TR) kWdays instead of the European conversion factor of 1:16, because the cod catches in the Dutch TR fleet are not as high as the European conversion factor implies. In order to substantiate for the national conversion factor, the Dutch government is obliged to report cod catches per unit of effort (CpUE) of the vessels in these gear groups to the European Commission.
An overview is provided of the fishing activity, the cod landings and the cod landings per unit of effort of the various gear categories in the BT2 and the TR fleet segments during the year 2015. The cod Catch per Unit of Effort (CpUE) transition ratio between the BT2 on the one hand and the TR1C plus TR2 fleet segments on the other hand was calculated and the percentage of cod avoidance trips -trips during which 5% or less cod was caught -in the TR-fleet were calculated.
The TR fleet has on average a higher cod CpUE than the BT fleet. When the cod targeted fisheries (TR1AB) are not taken into consideration, the CpUE effort transition ratio (TR1C+TR2): BT2 of 2015 lies between 6.7:1 and 8.4:1, depending on whether the ratio is calculated on the basis of minimum or maximum cod discards estimations by the Scientific, Technical and Economic Committee for Fisheries (STECF) respectively. Based on average discards estimations, the ratio is 7.6:1.
The percentage of cod avoidance trips, fishing trips with 5% cod or less in the total catches, in the TR1C and the TR2 fleets were 95% and 86% in 2015 respectively. These percentages are based on Introduction In the Dutch Cod Avoidance Plan, the Dutch Government distinguishes between otter trawls and seines that are cod-directed (TR1A and TR1B) and those for which cod is bycatch (i.e. TR1C and TR2)
to determine a new conversion factor. The kW-days transition only applies to the TR1C and TR2 gear groups (Table 1 ). Other gears used by Dutch fishermen, such as shrimp fisheries and gill netters are not taken into consideration in this report, as the monitoring obligation applies to the gears for which a national conversion factor for the transfer of effort is used. For the kW-days transition between the BT and the TR gears for which cod is bycatch, a conversion factor of 1:3 is used in the Netherlands.
This is different than stated in the European Cod Recovery Plan and therefore the ratio should be substantiated for. et al., 2013, 2014) . With experience of the first monitoring reports, the ministry of Economic Affairs and Wageningen Marine Research drew the conclusion that monitoring cod discards via the selfreporting scheme asked for a disproportionately high effort of the TR-skippers and resulted in large and costly data-streams while discards were hardly affecting CpUE rates (Ministry of Economic Affairs, 2014). Therefore, it was agreed to do the analysis based on the EU-logbook (hereafter logbook) data in combination with VMS-data, which are readily available.
Based on the logbook and VMS-data, an accurate estimate of the LpUE (Landings per Unit Effort) could be calculated for all four fleets. With these, the LpUE-ratio between TR (with cod as bycatch) and BT2 could be determined. As the EU requires a CpUE-ratio (Catch per Unit Effort), discard rates of the Scientific, Technical and Economic Committee for Fisheries (STECF) are used to calculate CpUE-ratios.
In addition to the CpuE ratio between the BT and the TR-fleet, the percentage of trips in the TR-fleet with less than 5% cod catches in relation to the total catch needs to be monitored. Trips with less than 5% cod catches are referred to as 'cod avoidance trips'. Through cod avoidance trips effort reductions of the European Cod Recovery Plan can be undone and it contributes to earning the -for the Dutch TR-fleet -more favourable conversion factor.
Differentiation within gear groups
The kW-days transition is calculated on the ratio between the cod CpUEs of BT2 and TR (TR1C & TR2).
However, these fleet segments are composed of multiple different types of gears, with gear-specific regulations. For instance, within the BT2 fleet, distinction can be made based on the vessel's engine power. Bottom trawl vessels with an engine power of <300hp (so-called Eurocutters) are allowed to fish in a closed area ("Plaice-box") and the Dutch 12-mile Exclusive Economic Zone, while bottom trawl vessels with an engine power of >300hp are not. Another important distinction to make is between traditional beam trawlers and pulse trawlers. Although both metiers are classified as BT2, there are some differences that need to be considered. For instance other areas can be fished and average fishing speed is lower for pulse vessels than for traditional beam trawl vessels, both of which might affect cod catches and thus CpUE. A third differentiation is that within the TR fleet some vessels use otter trawl gear while others use the flyshoot technique. As the flyshoot technique enables fishermen to fish without dragging the net through the water, the engine power can be reduced. As fisheries effort measured in kWdays is reduced subsequently, this affects cod CpUE as cod catches are divided by the fisheries effort. Differentiations like these might impact cod CpUE and therefore these aspects (specific gear types, but also spatial distribution and seasonality) have been taken into account. In total 10 gear types are distinguished in this report (Table 2) . 
NB:
The landings-and effort values reported in this year report might be higher than those presented in the quarterly reports (Reijden et al. 2015a,b,c; because the database was not fully synchronized at the time of data extraction for the quarterly reports.
3 Assignment
The Ministry of Economic Affairs asked Wageningen Marine Research in 2014 to perform an analysis on the reported cod landings in the Dutch TR and BT2 fleets with the aim to:
i. estimate the CpUE (in kilos of cod caught per days at sea * engine power (kWdays)) per TR fleet segment;
ii. estimate the CpUE (in kilos of cod caught per days at sea * engine power (kWdays)) per BT fleet segment;
iii. compare the estimated TR-CpUEs with the BT2-CpUE and BT-CpUE;
iv. calculate the percentage of trips in the TR fleet (TR2, TR1C), with less than 5% cod catches in relation to the total catch (this is referred to as 'cod avoiding fishing trips' in the Dutch Cod
Avoidance Plan). Materials and Methods
In this section, the data sources, the analysis and the final output are described. See "Appendix C.
Extended Material and Methods" for a detailed description of the method to link VMS and logbook data.
Logbook data
All fishermen are obliged to report their activities on a daily basis. This includes location, gear used, vessel characteristics and estimated landing quantities (in kg). These quantities are an estimation and therefore deviate from auction data. Moreover, fishermen do not have to report catches for species with a trip-total quantity below 50 kg. As cod is a by-catch species, trips with cod landings lower than 50 kg can be expected. Therefore, the cod catches in this report are an underestimation of the total catches. Second, fishermen report all landings and vessel characteristics online and the data are immediately imported in the database of the Dutch Government. The logbook data cannot be validated or checked by Wageningen Marine Research on correctness of the data. Therefore, records with a type-error in the gear description will not be recognised as 'wrong', but will wrongly be taken into consideration.
VMS data
All vessels over 12 meters are obliged to participate in the Vessel Monitoring System (VMS). This system sends an update to a satellite every two hours, containing time and date, position, speed and name of the vessel. All these records are registered by the Dutch Government. Wageningen Marine
Research has permission to work with these data.
Comparison of Logbook and VMS data
The logbook data do not always completely match with the VMS data, because sometimes the trip numbers in both data sets do not coincide. When no matching trip number can be found between the two data sets, the logbook data are not included in the VMS database. For that reason the landings recorded in the logbook database may be some percentage higher than the landings recorded in the VMS database. The reasons for the mismatch is up till now unknown but may include incorrect registration, deficient VMS equipment or incorrect data transmission. In this report the maps that demonstrate spatial distribution are based on the VMS database. The tables displaying landings and fishing activity are based on logbook data. The reason for using logbook data when no spatial information is needed is that this database includes fewer assumptions than the VMS database. The consequence of this methodological choice is that landings and effort displayed in tables may deviate slightly from landings and effort displayed in maps.
Pulse list
Gear specifics, like net type, mesh size and vessel engine power are registered in the logbooks.
However, the logbook does not contain information about the use of pulse gear. Therefore, 
Calculation of the CpUE ratio
The yearly CpUE ratio between the BT2 and the TR1C and the TR2 fleet is calculated through the following formula: Results
In the results section, spatial distributions of the fishing activity and cod landings of total fleet and the 10 gear types separately are presented for 2015. In addition the fishing activity and the cod landings of the total fleet are presented per month. Landings-and effort values might be higher than those presented in the quarterly reports (Reijden et al. 2015a,b,c; because the database was not fully synchronized at the time of data extraction for the quarterly reports.
Eventually, the TR1C+TR2:BT2 CpUE ratio and the percentage of fishing trips with <5% cod of the TRfleet segements catches are given.
Overall activity and landings
In 2015, fishing activity of all demersal fisheries together was almost 22 million kW-days (Figure 1 ).
Fishing activity was dominated by the larger beam trawl vessels, consisting of traditional tickler chains (~7.3 million kW-days) and pulse gears (~11 million kW-days) (Figure 2 ). Compared to 2014, total fishing activity was somewhat higher in 2015 (+0,5 million kW-days) and the beam trawl activity has decreased in 2015 with ca. 0,6 million kW-days while the pulse trawl activity has increased with ca. 1 million kW-days (see Reijden et al, 2016) . A total of 1276 ton cod was caught in 2015 (Figure 3 ), this is a decrease compared to 2014, when a total of 1585 ton cod was caught. Locations with relative high cod landings were the opening of the Skagerrak, the Cleaver Bank (around 54° N, 3° E) and The Falls (around 51.5° N, 2-3° E). 
Seasonality
Seasonality is a well-known factor in fisheries that should be taken into account when looking at catches, landings or fishing behaviour. Seasonality in fisheries is caused by underlying explanatory factors, amongst others: changes in fish abundance, fish quality, weather (e.g. wind force and direction), quota, days at sea, fish prices. Because of these combined factors, no two years, or even months are equal. However, trends in time over the different seasons or different years can be observed. The year report of 2014 (Reijden et al., 2016) describes the trends in fishing activity and cod catches between 2011 and 2014 in the different gear groups more extensively and the general fishing pattern of each gear group. Table 3 Table 5 . Cod LpUE in (kg/kW-day) in 2015 for the gears separately per month. The European Cod Recovery Plan includes effort limitations per fleet segments. It also includes a transition factor in kW-days to transfer kW-days between fleets, based on the cod catches of the fleets. In the Netherlands, a transition factor that deviates from the EU transition factor is used for transferring days at sea from the BT fleet segment to the TR1C and TR2 fleet segments. These fleets are not targeting cod, but catch cod as bycatch. The TR1AB fleet is expected to target cod and is therefore no subject of the adjusted transition factor. 
CpUE
In the European Cod Recovery Plan, the transition factor is based on total cod catches. Therefore the above calculated LpUE transition factor should be transformed to a CpUE transition factor. The landings from Table 6 should therefore be extrapolated to include cod discards as well. As no monitoring program is currently available in the Netherlands to estimate accurate cod discard rates in all the fleet segments, a range of cod discard estimates is used based on STECF data between 2010 and 2014. Then, CpUE and the ratio between CpUE for the different fleet segments can be calculated. Table 7 presents a time series between 2010 and 2014 of the cod discard fraction of the total cod landings based on STECF data. Based on analysis of the time series of cod discards ( table 7), table 8 demonstrates the average cod discard fraction of total cod catches and a low and a high estimation.
The low and the high estimation are calculation as the 90% confidence interval of the mean, meaning that 5% of the observed discard estimates are lower than the low estimate and 5% of the observations are higher than the high estimate. 
Percentage of cod avoidance trips
Within the Cod Recovery Plan, fleet segments with low cod catches are subject to less rigid regulations. Therefore an overview is given of the average percentage landed cod in total landings and catch for the different TR gear types separately, aggregated gear types in fleet segments and all combined. Table 10 shows -for each aggregation level-per quarter the total number of trips, the number of trips with 5% or less cod in the landings and the total percentage of trips in which the cod landings contribute 5% or less to the total landings, in other words: the percentage of 'cod avoidance trips'.
Landings
The Fly_120+ has the lowest percentage (14%) of cod avoidance trips. The Otter_70-99 and Fly_100_119 have the highest percentages (92% and 87% respectively) of cod avoidance trips. On average 91% of the TR2 trips and 85% of the TR1C trips contain less than 5% cod in the landings.
During quarter 2 and 3 the percentage of landings with less than 5% cod is highest for TR1C (92%). 
Catches
In the Cod Recovery Plan, "cod avoidance trips" are defined as trips with 5% or less cod in the total catch. Above calculated percentages are based on landings data only. To estimate the percentages of actual cod avoidance trips, discards should be included. This includes discards of both cod and other (fish) species. As cod discards percentages (relative to total catch) are low compared with other species like dab, plaice and/or sole, the total proportion of cod in the total catch is likely lower than the proportion of cod landings in the total landings. Therefore, the calculated percentages of cod avoidance trips based on landings data is probably an underestimation. Table 11 shows -for each aggregation level-per quarter the total number of trips, the number of trips with 5% or less cod in the catches and the total percentage of trips in which the cod catches contribute 5% or less to the total landings. The following two assumptions underlie the numbers in .
All cod landings are multiplied with the gear-specific cod discard ratio to estimate cod catches. All other landings are multiplied with an average discards ratio (40%) to estimate total catch ratio. Then, a similar calculation could have been performed as described above. This resulted in slightly higher percentages of cod avoidance trips, with 86% and 95% of the trips in the TR2 and TR1C fleet segments respectively having 5% or less cod catches. In appendix D we demonstrate two additional tables that show the percentage of cod avoidance trips per gear category, with higher and lower estimations of cod discards. Table D1 is based on the high estimation of cod discards (see table 8 ), and on a total discards fraction of 30%. And table D2 is based on a low estimation of cod discards (see table 8 ) and on a total discards fraction of 50%. These additional tables show that when the maximum or minimum estimations of cod discards are used for the calculation of cod avoidance trips, the percentage of cod avoidance trips varies with only 2-3 percent from the percentage of cod avoidance trips when calculations are based on average cod estimations.
Comparison with previous years
This report is the fourth in a series of cod monitoring reports (see Kraan et.al., 2013; Kraan et.al., 2014 and Reijden et.al., 2015) . Table 12 presents an overview of the cod CpUE transition ratio of TR1C and TR2 on the one hand and the BT2 on the other hand. The table also presents the yearly LpUE or CpUE of the different fleet segments. Strikingly the ratio over the year 2015 is a lot higher than the ratio's in the previous years. Table 13 demonstrates the percentages of cod avoidance trips of the TR1C and the TR2 fleet segments during the years that the cod monitoring project has been running.
In comparison with previous years we see that Cod CpUE catches in the TR2 fleet segment has been relatively high and the percentage of cod avoidance trips relatively low.
As Kraan et.al. (2014) already suggested in 2014, the cod LpUE differs per year. Still it is poorly understood why. The variance analysis of Reijden et al. (2015) showed that there is no constant cod catchability within the different fleet segments. In order to better understand the differences in yearly LpUEs in the different fleet segments, time series of landings, in combination with time series of fishing locations, gear employment, cod abundance and interviews with fishermen may help to better understand the drivers behind these observed data. 6 Discussion
The conversion factor calculated in this report based on catches should be considered with caution.
The reason for this is that the CpUE, on which the conversion factor is based, is itself a ratio. This is because total catch is based on landings plus an estimated level of discards, and hence, exact discard rates are unknown as catches are not fully documented. The alternative, to calculate the conversion factor based on LpUE, would result in the problem that discards are not taken into account at all.
Another problem with the conversion factor is that the cod CpUEs of the vessels of the TR1C and TR2 fleet segment that participate in the CCTV program are included in the calculation. As is explained in Appendix B, the fleet that fishes with cameras on board to fully document cod catches are exempted from effort regulations. In addition these vessels receive 30% cod quota on top of their usual quota.
This group of vessels consist of TR1A vessels (if mesh is>120 mm) but also of vessels with smaller mesh sizes (TR1C, TR2) (van Helmond, 2015) . However, these vessels may influence the CpUE level of the TR1C and TR2 fleet segment and thereby the conversion factor. This to the disadvantage of the other vessels in the TR1C and TR2 categories. For the cod monitoring year report of 2016 we recommend to exclude the vessels participating in the CCTV project from the fishing fleet segments TR1C and TR2 when calculating the transition ratio.
In 2015 it appears that specifically in the TR2 fleet segment the cod CpUE has been higher than in previous years. When looking at the effort ratio between Otter (70-99) and 
Conclusions
This report provides an overview of the fishing activity, the cod catches and the cod landings per unit of effort of the various gear categories in the BT2 and the TR fleet segments during the year 2015.
The Catch per Unit of Effort (CpUE) transition ratio between the BT2 and the TR1C plus TR2 fleet segments was calculated and the number of cod avoidance trips in the TR-fleet were calculated.
The CpUE effort transition ratio (TR1C+TR2): BT2 lies between 6.7:1 and 8.4:1, depending on whether the ratio is calculated on the basis of minimum or maximum STECF discards estimations respectively. Based on average discards estimations, the ratio is 7.6:1, this transition ratio is higher than in the previous years that the cod monitoring project has been running. In 2015 it appears that specifically in the TR2 fleet segment the cod CpUE has been higher than in previous years.
The percentage of cod avoidance trips, fishing trips with 5% cod or less in the total catches, in the TR1C and the TR2 fleets were 95% and 86% respectively. These percentages are based on average cod discards estimations. When minimum or maximum discards estimations are used, the calculated percentages of cod avoidance trips does not vary more than 2 or 3% from the percentage based on Catches (TACs) and effort restrictions. Yearly effort reductions will be based on the same percentage as specified by the fishing effort (F) used in the estimations of TAC.
Through article 11 and 13 it encourages nationally developed plans for the reduction of cod catches.
Article 11 allows member states to request exemption from the effort regime for groups of vessels that of which total cod catches do not exceed 1,5% of the total catch of the group. Article 13 allows members states to allocate additional effort within groups in case of the use of highly selective gear or if cod is avoided, resulting in a maximum of 5% cod per fishing trip. The implementation of these articles were delegated to Member States and industry (Kraak et al., 2013) . States can apply at the European Commission for national transfer rates (ibid.).
Appendix B The Dutch Cod Avoidance Plan
Around the time the second cod avoidance plan was approved, an increasing number of Dutch skippers switched from the beam trawl gear to twinrig and flyshoot gears. They (mainly) did this to reduce fuel consumption, as the latter fishing methods require less fuel. This meant that the number of vessels in the TR category increased and the number of vessels in the BT category decreased, while effort allocation to the two groups did not change. This gradually resulted in a shortage of days in the BT2 fleet and a difficulty for the skippers in the TR-fleet, who did not have sufficient days at sea. In 2012 for instance, to get one day extra for the TR1 fleet, 16 BT2 days were needed, and for getting an extra day in the TR2 fleet, 5 BT2 days were needed. From 2011 onwards, the Dutch government got permission from the EC to distinguish between TR1A and TR1B as a cod directed fishery and TR1C as cod-as-bycatch fishery. Also the TR2 fleet was classified as cod-as-bycatch fishery. The difference between TR1A and TR1B was that TR1A participated in a fully documented fisheries project, meaning that they had a camera on board to monitor all cod catches. For transferring effort from BT2 to TR1C and TR2, a correction factor of 3:1 was permitted.
To Besides these RTC's, seasonal closures are implemented for certain areas from January until May in order to protect spawning and juvenile cod (Website Vissersbond, 2015) .
Appendix C Extended Materials and Methods
The method used in this report is consistent with the method described in Hintzen et al. 2013. Data pre-processing 
Spatial distribution
The fishing activity determined from the logbooks (kW-days) and the cod landings recorded in the logbooks (kg), are assigned to those (fishing) VMS records that have vessel id, fishing date, and fishing position in common. At the spatial scale of 1/4 degree longitude*1/8 degree latitude (1/16 ICES rectangle), the total landings of cod (kg) and fishing activity (kW-days) are calculated.
Subsequently LpUE (landings per unit of effort) can be calculated for each 1/16 ICES rectangle by dividing the landings by the activity. 
